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Abstract

In this study, extreme wind speeds in the western North Pacific (WNP)
were estimated using reanalysis wind fields synthesized with empirical
typhoon vortex model. First, to select reanalysis wind field suitable for the
extreme value analysis in the WNP, the accuracy of various reanalysis wind
fields as evaluated using the Korea Meteorological Administration (KMA)
buoy data and the Joint Typhoon Warning Center (JTWC) best track data
from 2010 to 2018. The suitability was determined based on the maximum
wind speed and the center position of the typhoon period, the simulated
performance of offshore winds nearshore the Korean Peninsula, and the period
of available data. The results showed that the Fifth-generation European
Centre for Medium-Range Weather Forecasts (ECMWF) reanalysis (ERA5S)
data was the most suitable data for the extreme value analysis in this study.
The empirical typhoon vortex model was synthesized with the ERA5 wind
fields to improve the tendency to underestimate the maximum wind speed
during the typhoon period in the selected ERA5 data. The empirical typhoon
vortex model used has the advantage of being able to realistically reproduce
the asymmetric winds of typhoon using the gale/storm-forced wind radii
information in the 4 quadrants of typhoon. Using a total of 39 years of the
synthesized reanalysis wind fields from 1980 to 2018 in the WNP, extreme
value analysis is performed using the General Pareto Distribution (GPD)
model based on the Peak-Over-Threshold (POT) method, which can be used
effectively in case of insufficient data. The results showed that the extreme
analysis using the synthesized wind data significantly improved the problem
to underestimate the extreme wind speeds compared to using only reanalysis

wind data. Considering the difficulty of obtaining long—term observational



wind data over ocean, the results of extreme value analysis based on the
synthesized wind fields developed in this study can be used as basic data for

the design of offshore structures.
Key words: Extreme Wind Speed, Reanalysis Data, Empirical Typhoon

Vortex Model, Peak-Over-Threshold, General Pareto Distribution, Western

North Pacific
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0. A5 % H

O+
i)

2.1 AL whEA

Aol A" wrEd ARs vl w3 o 5418 (National
Centers for Environmental Prediction, NCEP)o| 4 A|&3t= GFS (Global
Forecast System) %21 #l&+3 NASA (National Aeronautics and Space
Administration)| 4] A &3t= MERRA-2 (Modern Era Retrospective analysis
for Research and Applications, Version 2, Gelaro et al., 2017) A& FH<%
7] ol B A8 (European Centre for Medium-Range Weather Forecasts, ECMWF)
ol A|&3sE= ERA-Interim(Dee et al., 2011)3 ERA5 (GAlt ECMWE,
Hersbach et al., 2019) A¥4%, 28]z dE 713 (Japan Meteorological
Agency, JMA)oIAl Al-&3st= 55 A+ JRA-55(Kobayashi et al., 2015)°]
t}(Table 1).

GFS+ t7]-slg-Ax-algo] Add &4 AR=E 3 s 05 x 05
oltt, AaEF3 Alx"lL 33 WHE7]W(3 Dimensional Variational, 3DVAR)
GSI (Gridpoint Statistical Interpolation)E A}F-&3Fal, TC (Tropical Cyclone) %
718k oz Bex Al x| (Vortex relocation) WS AF&STh Zel s A )
A= BEoA o3 EHAE 359 HF JAAE AXE AR s, A

= 7] BE27F FREAAY UF ok A Qlele] Edx
= AtYats Wlelth(Liu et al, 2000; Schenkel and Hart, 2012). MERRA-2%

2 =292 QA S AHSIY. MERRA-29] &3+ &7

0.625° x 0.5°0lar, 32k WHE7]H GSI¢F TAU (Incremental Analysis Update)”}
A3t 25T A|2"S AFE3cH(Gelaro et al, 2017). ERA-Interim¥ ERAS
o] Izt =T 42 0757 x 0.75°9F 0.25° x 0.25°0]aL AH F 3 Al 'S 43;
¢ HE7IHUDVAR)S AFE3tth ADVARS #5%9] &S 2d ot <3
B oA HEES 4 A R (Thépaut et al. 1996). ERA-Interim<

2
B

ot



=13

=

IDVARS Eal T8 259 9%

o
s

EALS A A om FEAit
(Schenkel and Hart 2012). ERA-Interim A5+ 20199 8€7bA] AAb= A 1
T 5% w7l ERASE diA ¥ gt ERASE ERA-Interimell vl =< =23}
R TA AGote] MAHNAL, AR ES} Al2del AN ¥ B2 o ke " 9
A Amet MEE #S5AR7E FE Jdow, o =2 ARF B 3 RS
AEath, JRA-55F 4xpY HEI|W A8%3 A]2"S A&, TC %73
W o 2 TC wind profile retrievalS A3ttt TC wind profile retrieval> TC
sa 2 F9 FE5 Z=3Y(wind profile)S #A AEoNA HA S, AR 9
A dropwindsondeE -&3}st= WH o] th(Hatsushika et al., 2006; Onogi et al.,
2007; Kobayashi et al., 2015). A& 7|7+ 5709 Aw 5 7H A7 A5 =2
19589 H-H AxH i, A5 7|gke] 7HE #HS As5= GFSE 2007dFH Al3H
b T S EE JRA-557F 1.25° x 1.25°% 5709 A= F 7k wral, ERAS7)
025 x 0.25°% 714 =& A= E A -3}

R84

Table 1. Summary of the analysis and reanalysis wind datasets used in this

study.
Spatial
Product Assimilation TC initialization  Data period
resolution
3DVAR Vortex
GFS 05" x 0.5° 2007.1-Present
GSI relocation
3DVAR Vortex
MERRA-2  0.625° x 0.5° 1980.1-Present
GSI+IAU relocation
ERA-Interim 0.75° x 0.75° ADVAR None 1979.1-2019.8
ERAbL 0.25° x 0.25° 4DV AR None 1979.1-Present
TC wind profile
JRA-55 1.25° x 1.25° 4DV AR 1958.1-Present

retrieval
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Fig. 1. Example of radial wind speed profile used in empirical typhoon vortex

model. Rmax means radius of maximum wind speed.
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Fig. 2. Wind field of empirical typhoon vortex model in the Western North
Pacific during passage of Typhoon BOLAVEN (27 August 2012).
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Table 2. Specifications of KMA buoy data used in this study.

1996.07.01-
Deokjeokdo 126.0188 37.2361 3.6
Present
1996.07.01-
Chilbaldo 125.7769 34.7933 3.6
Present
1997.05.01-
Geomundo 1275014 34.0014 3.6
Present
1998.05.01-
Geojeodo 128.9000 34.7667 3.6
Present
2001.04.01-
Donghae 130.0000 37.5442 39
Present
2008.11.15-
Pohang 129.7833 36.3500 3.9
Present
2008.11.15-
Marado 126.0333 33.0833 3.9
Present
2009.10.21-
Oeyeondo 125.7500 36.2500 3.6
Present
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Fig. 3. Locations of KMA buoys.
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Fig. 4. Difference between extreme wind speeds using GEV and GPD.
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Fig. 6. Mean residual life (MRL) plot with the 95% confidence intervals.
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Fig. 7. Mean absolute difference of typhoon position in the Western North
Pacific between JTWC best track data and reanalysis data from 2010 to 2018.

The error bar represents the standard deviation.
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Table 3. Comparison of wind speed uncertainty (RMSE) of reanalysis data

indicated by comparison with KMA buoy data during the passage days of
typhoons from 2010 to 2018.

Deokjeokdo 1.75 1.49 191 1.13 2.97
Chilbaldo 2.29 1.81 2.501 2.18 1.90
Geomundo 2.10 1.98 2.64 1.60 2.14
Geojeodo 240 2.54 2.85 1.85 4.31
Donghae 1.79 1.64 1.83 1.29 1.86
Pohang 2.64 242 2.97 1.86 3.38
Marado 2.36 2.23 2.63 1.88 2.40
Oeyeondo 1.63 1.63 1.94 1.25 2.60
Total 212 1.97 241 1.63 2.69
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Table 4. Comparison of wind speed accuracy (RMSE, R) among reanalysis

data indicated by comparison with KMA buoy data during all periods from
2010 to 2018.

Deokjeokdo 152 086 1.30 090 173 083 127 091 231 0.86

Chilbaldo  1.74 085 150 088 181 084 158 089 176 087

Geomundo  1.70 089 169 090 197 08 137 093 189 087

Geojeodo 211 083 225 081 219 077 159 088 326 0.80

Donghae 176 084 175 084 212 076 125 091 199 0.80

Pohang 205 084 209 08 267 077 160 091 284 0.9

Marado 191 087 204 08 199 08 178 092 196 0.89

Oeyeondo 143 089 131 092 1656 08 113 093 2.06 090

Total 178 08 174 087 202 082 145 091 226 0.85
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CHABA (1618)
o (2) ERAS wind field_ (b) EMP wind field
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Fig. 10. Comparison of wind fields among ERAS5 reanalysis (a,d), empirical
(EMP) typhoon vortex model (b,e), synthesized (SYN) wind (c,f) in the
Western North Pacific during passage of Typhoon CHABA (3 October 2016).
d-f are enlarged views of the box in a-c. The white line represents the track
of Typhoon CHABA. A-B dashed line represents the cross—section position
for Fig. 11.
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Fig. 11. Cross—sections of ERA5 reanalysis wind (black line), empirical

(EMP) typhoon vortex wind (red line) and synthesized (SYN) wind (blue dot)

at the center of the Typhoon CHABA (see A-B dashed line in Fig. 10) on 3

October 2016.
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Fig. 12. Best tracks of three typhoons in JTWC used for verification of

empirical typhoon vortex wind and synthesized wind.
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KOMPASU (1007)
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Fig. 13. Comparison of wind speed (6-h intervals) among KMA buoy,
empirical typhoon vortex model (EMP), and synthesized wind data (SYN)
during the passage of Typhoon KOMPASU at (a) Deokjeokdo, (b) Chilbaldo,
(c) Geomundo, (d) Geojedo, (e) Pohang, (f) Marado buoy. The black, red,
blue lines represent KMA buoy, empirical wind and synthesized wind,

respectively.
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BOLAVEN (1215)
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Fig. 14. Comparison of wind speed (6-h intervals) among KMA buoy,
empirical typhoon vortex model (EMP), and synthesized wind data (SYN)
during the passage of Typhoon BOLAVEN at (a) Deokjeokdo, (b) Chilbaldo,
(¢) Geomundo, (d) Geojedo, (e) Donghae, (f) Pohang, (g) Marado, (h)
Oeyeondo buoy. The black, red, blue lines represent KMA buoy, empirical

wind and synthesized wind, respectively.
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CHABA (1618)
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Fig. 15. Comparison of wind speed (6-h intervals) among KMA buoy,
empirical typhoon vortex model (EMP), and synthesized wind data (SYN)
during the passage of Typhoon CHABA at (a) Deokjeokdo, (b) Chilbaldo, (c)
Geomundo, (d) Geojedo, (e) Donghae, (f) Pohang, (g) Marado, (h) Oeyeondo
buoy. The black, red, blue lines represent KMA buoy, empirical wind and

synthesized wind, respectively.
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Fig. 16. Spatial distribution of maximum wind speed at each grid
calculated using synthesized wind data (1980-2018) around (a) the
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wind speeds for various return periods at marked (+) points (b, d, f).
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